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agglutination test as a means of studying the 
presence of bacterium abortus in milk 

By L. H. CooLEDGE, 

Research Assistant in Bacteriology, Michigan Agriculiural Experiment Station 
INTRODUCTION 

In the investigation of the effect on milk of the diseases of the cow, 
frith special reference to infectious abortion, it was found desirable to 
jxamine a large number of samples to determine whether or not Back- 
im abortus Bang was being passed with the milk. The cultural and 
inimal-inoculation methods were the only ones found available for 
this work. 

The cultural method devised by Nowak ‘ takes advantage of the fact 
that newly isolated cultures require an atmosphere partially depleted of 
oxygen. This atmospheric condition is obtained by growing the agar 
streaks from suspected material in a closed jar with Bacillus suhilis 
having I sq. cm. of culture surface to each 15 c. c. of jar capacity While 
the author^ has isolated Bact. abortus from milk sediment by this 
method, it is too tedious a process to apply to any number of samples 
Plates are hkely to be overgrown with colonies of fast-growing organisms, 
Md the method has the further disadvantage of requiring several weeks 
to isolate and identify the cultures. 

Evans ^ succeeded in isolating Bact. abortus from milk by plating on 
0 Jaiy lactose agar to which 10 per cent of sterile blood serum was 

Sr , f ^ in^^ubating for four days, the colonies 

rich developed were transferred to nutrient broth containing i per cmt 
and to tubes of whole milk containing litmus, 
milt 1 m study, the inoculation of guinea pigs with the 

takes 8 ^lable, is far from satisfactory, o\ring to the fact that it 

organism uilT\ ^ lesions to develop, and it is probable that the 

lesions with th large numbers to cause the characteristic 

g ^ththe 5 c.c.of milk used for inoculation, 

LabadlledeBineetsabioIoglE. MA^m. Inst. Paster, t. no. 6, p. 54.-556, pt 

Met c. BacUlns .bortm in markrt milt, tn Jour. Wash. Atnd. Sd.. v. 5 , no. 4 , p. 
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^ « of Baci abortus in milk it was found uec^. 

In studying the study a large number of saapi^ 

sary to develop new tecum ptesent in considerable uu®. 

Knowing that tb‘S orgams th^^ght ttattfc 

bere in milk as It comes_ “ ^ consequent local piodu, 

m%ht indicate an mf^U agglutination and complem* 

tion of antibodia. W«n 

fixation tests were made, g useij antigen, tl* 

method of using bloo se ^ method. 

_The complement-fixation test as usei 
CoMPLBMSNT-JixA-tioN TES^ Rennet nnlk sena 

by Surface' and othere, was PJ 0.02, and 0.0050.0, lift 

was used in tbefoll'>™Sq''a « containing 0,04 c. c. ol 

was considered tests run upon samples of rmlk ta 

serum was P" J'^^piement-fixation tests correspond dotdy 
that the “ults of agglutination tests wdl be givenu 

this paper. \„fi(ren was prepared for the agglutmat™ 

agglutination te^^ AJ yp<,„ ordinary agarfor 48 houn 

test by growing a cultur ^ solution containing 0,9 per ceil 

The growth was then washed suspension was tlien 

Lium ehlorid and 0.5 standardized so that theta,- 

filtered through a coa«e filt P ^ ^’s nephelometer. Ponrex 
Sdity compared with tube i .5 0 the small test taks 

, of this bacterW oT^k added, o.i, 0.05, 0.02, 0^ 

used and the following ;we dilutions of i to 50. ' »“ f; 

4. P In this way approxima tliat 

of the reaction. W ^wed whose mik 

milk serum was u^- ^ ^ Sed, Octota 

Tor the experiment P . ^ reaction since first t® 

i «;xrpn a neeative aggmunduvju ^hirtv-five c. c. ot a 4 ° 

had given a neg ^ Thirty ^ 

to, ' 914 . US'"? was introduced m ^ jggialiw 

broth culture of .j. . j,y As shown m the .jeoiisp® 

after it Ha-l^u ^ ^ quartet the following d^ 

" 

milking. Aitef 

die out. ' 

TScaurncw'l'”''" M-d. ' 
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twis the appearance in milk of agglutinins for Bacterium abortus 

^ter the introduction into the anti s udder of a pure culture of Bact. abortus Bang «*** 

r^rtion at middle whm miik were added to test tubes 


Right rear quarter. 


1914. 

Oct 10.. e. 

i9rs« 

Feb. 8.... 


Apr. ij 

May a6 

June 4 

July 28 

Aug. 21 

Sept, ij 


(») 


(f) 


Right front quarter. 


(6) 


(0 


Left rear quarter. 


Left front quarter. 


tt Ihe + , and P signs used in all the tables refer to agglutination reaction in f h.* a - it. 

Poru^a, +++P- m^cates that agglutination took place in the uSS containm^^T*^ 

tube containing c 5^2 and ® 

agghitination m the tube containing 0.005 c. c. of milk ^ ‘ c- c. « mine, and there was no 

mi asffrfrt.’ the milk was uken a Uttle before wbat 


t >?t™laced into rieht rear quarter, 

vowcalira. Bull calf died on Mar. is. loi?. owioti to tind;cT«fftri e^,,-A « 


was estimated to be the 

-iSSS; +Zptan™?toCi^; ‘o -K^Son rf blood ol ran: 

Table 11 pves the history of milk from a cow with a record of fre- 
quent aboitions. As shown in the table, the isolation of Bact. abortus 
from the milk and the results of guinea-pig inoculation prove the presence 
of this bactenum, as indicated by agglutination reactions. 

Tabie 11.— History of milk from a cow with a record of frequent abortions a 

tehdinsUoo reartloa at middle of mlttinf, when variyr qoonUties ol milk were added to tmt tubes 
oontaiidng bacterial suspension] 



Dec., 


*909; Jan., I5H4, Jan., 1911, last living normal calf. Other records of ab(M^ 


No lesions or abnormal conditions found in udder. 
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In Table III the record of milk from another 


cow is given, Hejj 


again we have positive agglutination coupled with abortions 
shown to contain Bact abortus by guinea-pig inoculation. 


andmiiij 


^ Table III . — History of milk from a cow with a record of frequent ahoriiofi 

[Agglutination reaction at middle of milking, when various quantities of milk were added 

containing bacterial suspension] ^ tat tu[)^ 



fr Aborted a 7-nionth fetus. 

e Right rear quarter, positive guinea-pig inoculation. Right front quarter lost, and left rear and left 
front quarters negative. 

Aborted a 7-month fetus. 


In Table IV is given the record of milk from a cow that has never 
aborted. On June i6, 1915, agglutinins had appeared in all but the 
left front quarter. Guinea-pig inoculations made on June 30 were 
positive for infectious abortion in all but the leit front quarter, On 
October 16, 1915, the reaction had spread to the left front quarter. 
Milk from this quarter is now being tested by guinea-pig inoculation. 


Table IV '. — History of milk from a cow that has never aborted 

(Agglutination re.iction at middle of milking, when various quantities of milk were added to lest 
containing bacterial suspension] 


Date. 

Right rear quarter. 

Right front quarter. 

Left rear quarter. 

u 

ft front ( 
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d 

d 
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0 
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0 
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d 
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d 

0 

0 

0 
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d 

d 
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d 

d 

d 
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p 
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June 16 
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Oct. rS 
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a Guinea pigs loooilaicd iiitra-abdommally with milk from 

biwd reactions, with exception of left front quarter, whtch was normal. 
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While, in Tables I to IV, a positive agglutination test points to the 
presence of Bact, abortus in the milk, this is not always true if judged by 
guinea-pig inoculation. In several cases the writer was unable to get 
^tive lesions in guinea pigs with milk from all four quarters that gave 
a positive aggludnation reaction. In these instances it is probable that 
the agglutinins were coming from the blood stream, or, if due to a bacte- 
rial invasion of the udder, the bacterium may have been present in too 
small numbers to cause lesions in guinea pigs with the 5 c. c. of milk used 
for inoculation. In the instances of agglutination with negative guinea- 
pig inoculation it was noticed that the reaction from quarter to quarter 
seemed to be fairly constant. In the tables given, the reaction is seen to 
vary a good deal from quarter to quarter. This, the writer believes 
indicated that in the cases of reaction without pathogenicity to guinea 
pigs the agglutinins were coming to each quarter from a common source 
the blood. 

Though many samples of milk have been inoculated into guinea pigs, at 
no time has a sample been found with a negative agglutination test that 
would produce the typical lesions of infectious abortion. 

The present value of this test is that it enables one to select from a herd 
the cows whose udders may be infected with Bact abortus. The com- 
paratively small number separated by this method may then be examined 
by guinea-pig inoculation and cultural methods. 

If Bact abortus is found to be pathogenic for humans, as has been 
suggested by Melvin,' this test may be of value as another means of 
safeguarding certified and all unpasteurized milk. 

From observations and tests now being made it appears that it may be 
possible to differ^tiate samples in which the agglutinins come from the 
blood from those in which the agglutinins are produced in the udder. 


SUMMARY. 


A pure culture of Bacterium abortus Bang introduced into the milk 
astern of a cow s udder caused the appearance of agglutinins in the milk. 

In every case in which Bact abortus was found present in the milk by 
^^al inoculation the agglutinins for this organism were also found, but 

demo^tS^^^^ ^ agglutinins were 

We agglu&ation test is of value in studying the presence of Bad. 
If R k desired to study a large number of samples, 

of val ^ foiund to be pathogenic for humans, this test may be 

milk means of safeguarding certified and all unpasteurized 


’Mehrin, A. I), 
statement. 


abortion erf cattle and tbe occurrence of its bacterium in milk, 
o. 4>. Dept. Agr. Bur. Anim. Indus. a8th Ann. Rpt. 1911, p. 137-138. 
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BORON: ITS ABSORPTION AND DISTRIBUTION IN 
plants AND ITS EFFECT ON GROWTH 


By F. C- Cook, 

Physiological Chemist, Bureau of Chemulry 
INTRODUCTION 


The experiments reported in this paper were made in connection with 
a cooperative study of borax and calcined cokmanite as lar\ncides for 
the house fly conducted by the Bureaus of Entomology, Chemistry, and 
Plant Industry, of the Department of Agriculture. The object of this 
particular study was to determine the effect of boron-treated horse 
manure on plant growth and to study the absorption of boron and its 
distribution in the roots, stems, and fruit of plants grown on soil fer- 
tilized with this manure and on soil fertilized with untreated manure. 
The plants were grown in pots in the greenhouses of the Department 
and on open plots at Arlington Experimental Farm, Va.; Dallas, Tex.; 
Orlando, Fla. ; and New Orleans, La. Analyses of the soil from several 
treated and untreated plots are included.^ 

Certain deposits of boron have been known for centuries, but the wide 
distribution of this element in mineral and vegetable matter has been 
recognized only during the last few years. Probably the first to record 
the presence of boron in plants were Wittstein and Apoiger (14), 2 who 
found it in the seeds of Maessa picia. Since then many observers have 
found boron in soils, rocks, fruits, and vegetables. 

As soils in many places contain boron, it is not surprising that this 
element is widely distributed in small amounts in plants. It is also 
probable that boron is present in nearly all animal material. Bertrand 
and Agulhon (3) report its presence in the hair, horns, bones, liver, and 
muscles of animals. They detected boron in 27 species of animals, and 
state that it probably exists in all animals, being more common in those 
of marine origin. Boron was also found in human, asses’, and cows’ 
milk and in the eggs of the chicken, turkey, and goose. 

I he toxic effect of boron on plants was first sho\vn in 1876 by Peligot 
{12), who noted a yellowing of the leaves of beans and reported that in 
many cases the yellow leaves fell from the plants. The previous year 
el (8) reported that 1.25 per cent solutions of alkali borate retarded 
germination for from one to three days, and that 3 per cent of the alkali 
orate solutions stopped germination entirely. Loew (10, p. 374) states 
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that certain algse, such as Spirogyra and Vaucheria, are resistant to ft 
action of boron. Mord (ii), however, states that very weak soluft ^ 
of boric acid arrest the development of lower fungi and similar organist 
He suggests that boric acid may be used, like copper, to attack such 
diseases as mildew and anthracnose. The effect of boron on the 
plants, fungi, yeasts, etc., has been but little studied. 

Agulhon (j) and Bertrand (2) have stated that boron in small amotmts 
acts as a stimulant to plant growth. Pellet (12) calls attenrion to some 
experiments which indicate that compounds of both manganese 
boron, singly and combined, have no effect on the growth or yield of % 
sugar beet. He concludes that the results of other workers claiming ^ 
stimulation are too few and are untrustworthy. 

Many investigations regarding the effect of boron on plants and plant 
growth have been reported, but no attempt to review all such experi- 
ments is made in this paper. For a review of this subject the publication 
of Hascihoff (7) and the recent work of Brenchley (4), where various 
inorganic plant poisons and stimulants are discussed, should be consulted, 


EXPERIMENTAL WORK 


Very few of the previous studies have included a quantitative estima- 
tion of the boron present in plants, and no experiments concerning tlie 
effects of calcined colemanite (crude calcium borate) on plant grorrtli 
have been reported. As both borax and calcined colemanite are valuable 
larviddes for the house-fly maggot, it seems advisable to determine the 
effect of manure treated with both borax and calcined colemanite on the 
growth of a variety of plants. 

The manure used in these tests was treated with the amounts of borax 
or calcined colemanite noted in the tables, and stood in the open for 10 
days before it was applied to the soil. For the plot tests, the manure 
was applied at the rate of 20 tons per acre and was then plowed under, tk 
ground harrowed, and sometimes rolled and reharrowed, before planting. 
In nearly all of these experiments borax or calcined colemanite was 
applied to the manure in larger quantities than were required 

larvidde — i.e., 0.62 per pound per 8 bushels, or 10 cubic feet. \ ^ 


manure was mixed with the soil at the rate of 20 tons per acre, 2 
of borax per acre were present. Furthermore, the 
allowed to stand and leach for longer than 10 days; consequent y, p 
cally the entire amount of borax added reached the soil. 

When 0.62 pound of borax was applied to each 8 bush s 0 
and the weight of 8 bushels of manure estimated at n 5 ^ 
average weight of fresh manure containing a large amoun 0^^^ 
100 pounds of manure contained 0.54 pound of borax, 
manure was applied to the soil at the rate of i part to 40. 
of boron in the soil, calculating the weight of i acre 0 so 
as 1,750,000 pounds, was 0.0015. 
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tests with tomato {Lycopersicon esculentum) and lettuce {Laciuca 
saliva} were made on plants which had been grown in boxes in green- 
houses until they were 2 to 3 inches high, when they were transplanted in 
their respective pots containing the mixtures of manure and soil. The 
potatoes {Solanum t'uherosum) tested were of the Green Mountain variety 
and the seeds used in growing the other plants were common varieties. 
The percentages of boric acid as recorded in the tables are calculated 
to a water- and ash-free basis. At least four pots for each treatment 
were employed in the pot tests. The plots at Arlington Farm were one- 
twentieth of an acre and those in the South about one-sixtieth of an acre 
in size. The tests with lettuce were carried out in benches, each 3 by 5 
feet. 

DESCRIPTION OF METHODS 

Many tests for determining boron in foods and other material have 
been devised. When small amounts are present, as was the case in the 
present experiments, it is determined colorimetrically, using curcumin, 
the active principle in turmeric {Curcuma lon^a T-), a characteristic red 
color being given when boron is present. 

In preparing the samples, the roots were separated from the plants. 
Both roots and plants' were washed, dried, and cut into small pieces for 
analysis. In some cases the fruit also was tested. In such instances it 
was washed, dried, and ground for analysis. Boron was determined by 
the useof freshly prepared strips of curcumin paper, prepared by immersing 
large unfolded filter paper in a 0.2 per cent alcoholic solution of curcumin. 
The procedure was as follows : About 3 gm. of a dried sample were treated 
with sufficient saturated lime water to make the reaction alkaline. After 
a thorough mixing in platinum dishes, the samples were dried and heated 
in a muffle until all of the orpnic matter had burned off. Ten c. c. of 
water and a little hydrochloric add were added and the solution was 
wanned, filtered, washed, and made to 100 c. c. volume. A 50 c, c, 
aliquot was usually taken for the determination of the boron, but this 
varied according to tile amount present. To the 50 c. c. aliquot, or a 
^ller aliquot diluted to 50 c. c., placed in small porcelain evaporating 
es, 2 c. c. of hydrochloric acid were added, and strips of curcumin 
paper were suspended and allowed to dip into those solutions to the 
depth of one-fourth of an inch. In all cases standard boric-add solu- 
^ons, ^ well as blanks, were simultaneously employed. After four 
ours t e colors on the strips of paper were compared and the percentage 

of bone add determined. s 

the^t boron soluble in weak hydrochloric add, not 

200 ^ determined. Fifty gm. of soil were shaken with 

filtered ^ of hydrochloric acid (1:20) for one hour. This was 
t ^ ^ filtrate made alkaline with lime water, evapor- 

0 ryness, and ashed. The ash was acidified with hydrochloric 
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acid and the solution made to lOO c. c., a 50 c. c. aliquot bebg ase^foi 
the colorimetric test. In some cases larger amounts of soil were used 
for the tests. From 2 to 3 gm. of the plant samples were used for moisture 
and ash determinations.^ 


RESUUS OE EXPERIMENTS 

The results of the experiments are expressed in all the tables and text 
as percentages of boric acid. Some analyses of boron soluble in weak 
hydrochloric-acid extracts of soils are also reported. The form of the 
combination of the boron in plants is not known. The boron of soils is 
in part present in insoluble combinations with silica, and the absence of 
acid-soluble boron in some soils may be thus explained. Ash results are 
also reported for most of the plants analyzed. Separate analyses of the 
tops, roots, and fruits are tabulated. 

In Table I analyses showing the distribution of ash and boron in the 
tops and roots of wheat {TriOcutn spp.) and beets {Beta imlgaris) 3 
months old, grown in the presence of calcined colemanite and borax, 
with and without the addition of lime, are recorded. More boron was 
found in the tops than in the roots of both plants. The beets absorbed 
more boron than the wheat plants, especially frofn the soil treated with 
calcined colemanite. All of the control plants contained a little boron. 


Table I . — Percentage of boron in wheat and beets: Greenhouse pot tesh<t 


Se- 

ries 

No. 


( 

Wheat (dry basis). | 

Beets {dry basis), 

1 

Trtatment of manure per 8 

tsusHels. 1 

Tops. 

Roots, 

Tops. ; 

Roots. 

Ash. 

Boron 
as boric 
acid, 
ash-free 
basis. 

Ash. 

Boron 

as boric 
acid, 
ash-free j 
basis. 1 

t Boron 
■aslwric 
Ash. acid, 
ash-free 

I basis, 
i 

Ash. 

Boron 
as boric 
add, 
asWrte 
basis. 

0.75 pounds of calcined cole- 

Perd. 

Pirct. 

0.0103 

PftCl. 

30.00 

Perct 

Trace. 

Per cl. ; Per ct. 
23. 10 ■ 0 . 03 SS 

Perci, 
17-74 1 

\Pird 

O.OOK 

■ r. j pounds of calcined coleioan- 


.0097 

33. 76 

Trace. 

1 21.69' *040^ 

12-75 

.an^ 

,0054 



.0097 

33-48 

0.C100& 

33. 39 ; .0130 

14- J 

pound of borfljf 

j pound of borax and i ounce of 

8.5* 

.0133 

SS-S9 

.0029 

23.07 1 -“^ 7 ^ 


.0097 

1 pound of borax and 3 ounces ai 

lime added 

I pound of borax and 9 ounces ol 

9.63 

11.07 

. 010 $ 

.0173 

33-69 

36. 34 

.0044 

Trace. 

Trace. 

, 32.77 1 

30.36 1 -0062 
33.80 j Trace. 

14- « 

14.42 

14-56 

. 0^7 

.«47 

.D013 


9. 30 

.OOZ 3 

33. 76 




— 

_ 


— 

A I.pnrh 

tests. 


O Forty psuru 01 sou aoo i — — 

A similar series of tests using tomatoes and 
are recorded in Table 11 . The numto and ^ ^ Ijunous 

obtained from four pots, which a rc also recorded^ jhowtne__^ 

««npl.ted with ^ 

lAbwfttory. to wtuan the wnUr t® express 
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action 


of 


the tops 


the boron alone and the benefit derived from adding lime, 
of the tomatoes contained rather a large quantity of boron, 


I fruit but traces. More boron was absorbed by the tomato 
borax was added than with the addition of calcined cole- 
P . addition of lime with the borax retarded the absorption 

f boron The lowest percentage oj dry matter was found in the tomatoes 
^ on the soil where borax alone was added. The tops of the control 
contained the least ash. 

TablK II. — Boron in tomatoes and cowpeas: Greenhoiise poi tests 


Tomatoes. 


s^ 

ties 

No. 

'treatment of manure per 8 
bushels. 

Topa. 

Roots. 1 

1 

Fruit. 

Yield of fruit. 

1 Ash. 

Boron 
as boric 
acid 
(asWree 
basis). 

Ash. 

Boron | 
as boric 
acid 
(ash-free 
basis). 

Dry 

matter. 

Boron 
as boric 
acid 

(ash-free 

basis). 

Num- 

ber. 

Weight, 



Per ct. 

Perct. 

Per d. 

Per ct. ; 

Per ct. 

Per cent. 


Owners. 

I 

0,75 pound ot caHned i 

13-13 

0.0054 

9-59 

Trace . 

6. 04 

Faiut trace. 

17 

37 - 25 


colemanite added. 









1 

1.5 pounds ot calcmed cole- : 

14.44 

.0107 

10.86 

. ..do.. ' 

5- 94 

do 

16 

31 - S 


manite added. 









3 

I pound borax added 

If. 87 

.0146 

38.80 

None., 

4. 72 

do 

10 

ro 

4 

I pound of bwax and i ounce 

13.9s 

.0133 

13. 76 

. .do... 



IS 

33 


of lime added. 









3 

t pound of borax and 3 ounces 

13 . 15 i 

.D073 

10.66 

. . .do... 

5. 26 

! Faint trace.! 

17 

34 


of lime added. 









6 

I pound of borax and 9 oiinces 

13.00 

lYace. 

19-43 

.do... 

S' 8s 

do 

18 

35 


of lime added. 









J 

Control 

10. 12 

. ..do... 

21.88 

Trace. 

S' 92 

I do 

23 

40. 2S 


Cowpeas (dry basis). 


ries 

N& 


3 

4 

5 

6 
J 


IVeatment of manure per 8 bushels. 

Tops. 

Roots. 

Fruit. 

1 

Ash. 

Boron as 
boric add 
(ash-free 
basis). 

Ash. 

Boron as 
boric acid 
(ash-free 
basis). 

Ash. 

Boron as 
boric acid 
(ash-free 
basis). 

0. 7s pound of calcined oolemanite ! 

PneenL 

Per cent. 

Per cent. 

Per cent. 

Per cent . ! 

Per cent. 

added.. .. 

9.37 

0-0339 i 

18.52 

0.0033 

3.68 

0.013s 

1. s pounds oi calcined cotemanite 







added 



37.04 

Trace. 

3-90 

.0106 

i pound of borax add^ 

&S 4 

.O1343 

34.40 

None. 

3-36 

‘0133 

I pound of borax and i ounce of lime 







added 

10.96 

.011$ 

10- 01 

1 

. . . .do 

4 . 13 

.0222 

z pound of borax and 3 ounces of 



hme added. 

10b 08 

. 08.17 

17.44 ' 

do ' 

3-01 

.0097 

I ^und of borax and g ounces of 


.0237 





lune added.. 

1 ^6 




3.40 

. OC29 

Control 

7.84 

.0068 

ai- s8 

None. 

3- 20 

.0094 


The tops of the cowpeas contained the most boron and the roots the 
l^t, the fruit being intermediate. The addition of lime with the borax 
not influence the total amount of boron absorbed by the plants, 
control cowpeas contained larger amounts of boron than the tomato 
^utrol plants. The tops of the control cowpeas contained the least ash. 
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The results of the greenhouse, bench, and pot tests 
tomatoes are recorded in Table III. It is evident that 


lettuce a 


' 111 the s( ‘ 

control lettuce contained the lowest percentage of solids and i 


took up boron in proportion to the amounts present in the i * 

The 


indicated 
grown ia 


the presence of boron. A slight chlorosis of the lettuce plants 
series i and 2 was seen, but no injury to the roots was observed^ 
results of the analyses of the upper and lower 6 inches of soil ‘ 
benches show an even distribution of the boron. ^ 


Tabl^ III . — Boron in ktiuce and tomatoes: Greenhouse bench and pot 



Treatment of manure per 8 bushds. 

Lettuce (entire 
plant). 

Soluble boron as boric acid 

in soil oa which ktS 
grown. ^ 

No. 

Dry 

matter. 

Boron as 
boric acid 
(diy 
basis). 

! 

_ Upper 6 
mcheg of soil. 

, lower 6 
inches of 800. 

I 

0.75 pound of borax added 

Per cent. 
11. 6 

Per cent. 

Per ctnl. 

•Pernwt 

2 

1.2s pounds of borax added 



0.0010 

3 

Control 




_ . 'Wlf 

4 

5 

5 

i 0.5 pound of borax added 

0.62 pound of borax added 

5 0 

.00036 

.00042 

i 

Famt trace. 

7 

: Control 


.00015 ^ 




Tomatoes, 


Series Treatment of manure per 8 
No. bushels. 


I o. 75 pound of borax added, 
a 1.25 pounds of betrax added. 

3 Control 

4 0.5 pound of borax added . . 

5 0.6a pound of borax added . 

6 0.75 pound of borax added. 

7 Control 


Tops (dry basis). 

Fruit (fresh basis). 

Yield. 

Ash. 

Boron as 
boric acid 
(ash-free 
basis). 

Dry 

matter. 

Boron as 
boric acid 
(water and 
ash free 
basis). 

Num- 

ber. 

Weight. 

Per cent. 

12.94 
10. 10 

Per cent. 
O' 0089 
.0196 
.0009 
• ois 

Per cent. 
6*53 
6.60 
6*75 

& to 

Per cent. 
Faint trace. 

do 

do 

1:0 1 

Ottsrn. 

'57 

I 39 li 

159H 

10. 77 
7. 73 

toi 




.016 






& TO 

* 



7 ' 73 

•0015 



1 




Tomato plants 1,2, and 3, Table III, were 6 months old at the time of 
analysis. The yield of fruit from three pots in each series, r, 2, and 3, 
showed no reduction in the case of the 0.75-pound borax application, but 
the 1.25-pound borax application reduced the yield. The dry matter 0 
the control frmt, series 3, is higher than in series i or 2, and the ash of ^ 
control tops, series 3, is lower than the ash for the tops, series i an 2- 
The tomato plants, series 4, 5, 6, and 7, were younger and smaller 
those of series i, 2, and 3. In all the tomato plants (Table III) t e 
contained practically all the boron, the fruit showing only traces. 
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the results with wheat grown in plots at Arlington Farm, Va., are 
in Table IV. The manure was applied at the rate of 20 tons per 
The wheat was planted in October, 1913, and harvested in June, 
the soil samples being tested at the time of harvesting. On the 
plot the wheat plants which were yellow during the winter, became 
ffreen and normal in appearance i^he spring. The yield of wheat from 
^^lax plot was 90 per cent ofThe control, but larger than that from 
an unmanured plot which was simultaneously tested. The amount of 
borax added to the borax plot was about four times that necessary to 
act as a larvidde, but only a trace of boron was found in the wheat grain 
or straw. The wheat grains were sound and the nitrogen and ether- 
extract results of the control differed very little from those of the wheat 
and straw from the borax-treated plot. A trace of boron was found in 
the grains and straw from the borax plot, and the borax-treated soil 
showed 0.003 per cent of boric add. The soil sample from the borax 
plot contained more nitrates than the control sample. Nitrogen was 
estimated by the Kjeldahl-Gutming method, and nitrates by the method 
recommended by the American Public Health Assodation. 


Table lY .—Percentage of boron in wheats straw ^ and soil: Plot tests at Arlington 
Farm, Va. 


Treatment of manure per S 
bushels. 

Material. 

Nilro- 

geiL, 

Nitro- 
gen as 
ammo- 
nia 
(MgO 
meth- 
od). 

Nitro- 
gen 
as ni- 
trates. 

Ether 

extract- 

Acid-solu- 
ble boron 
as boric 
add. 

3 to 3 pounds of borax added . 

Control 

[Wheat grains 

2.15 

.381 

.09 

3. 31 

•323 

•09 



1*70 
! 2.12 

1*77 : 
3* 27 i 

Faint trace. 

Do. 

0.003. 

None, 

Do. 

Do. 

1 Wheat straw 



[Soil 3 to 4 inches deep. . 
[wheat grains . . 

0-004 

0.0018 

I^dieat straw 




[S^3t04iiLchesdeep. . 

■003 

.0013 

i ! 


Results of the analyses of soybeans {Glycine hispida), string beans 
{Phaseolus vtUgaris), and potato plants grown on plots at Arlington 
Farm, Va., are recorded in Table V. The roots and beans of the soy- 
beans contained about equal amounts of boron, and rather large quan- 
tities were found in the tops of all the plants analyzed. There was a 
luore equal distribution of boron in the roots, tops, and beans of the 
string beans than in the case of the soybeans. 

The potatoes showed only traces of boron in the tops, the largest part 
of the boron being found in the roots, although the tubers contained a 
fairly large amount. All control plants contained a little boron. The 
^ddition of lime with the borax did not prevent the absorption of boron 
y the plants, as much boron bdng absorbed from the calcined-cole- 
plots as from the borax plots. 
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Tabi<^ Y— Percentage of boron in soybeans, string beans, and hntnf 
Arlington Farm, Va. ^ 


Boron as boric add (dry basis) 


Treatment of soil per 
square rod. 


i.6i pounds of calcined 
colemanite added . , . . 
a.8S pounds of calcined 
colemanite added . . . 
3.96 pounds of borax 

added 

3.96 pounds of borax 
and 3 pounds of lime 
added 


Roots. 

Tops, 

1 

Besns. 

Roots. 

Tops. 

Beaus. 

Roots. 

Tops. , 

i Toti. 
toes. 

1 

0.0086 

0.0046 

0.0093 

0.0044 

0.0075 

0 . 004 S 

0.0170 

0.(5013 


.0160 

,0076 

.0136 

•0083 

.0177 

.0213 

.0144 

Trace, 

>0124 

,0047 

• 0104 

.0086 

♦0093 

• 0117 

•0354 



.0136 
• 0030 

.0040 

.0008 

.0164 
■ *0036 

i 

•0093 

.0050 

.0099 

None. 

.0080 

.0042 

Trace. 

• do, 
None. ; 

■OMJ 

>»I0 


In Table VI results of the analyses of corn {Zea wheat, peas 
(Pisum sativum), and oats {Avena sativa), grown on plots at New Orleans 
U., And Dallas, Tex., are recorded. The entire plants, which were 3 
months old and small, were used. The com and wheat plants took up 
equal amounts of boron. Soluble boron was found in all nine samples of 
soil from New Orleans, while only two of the five samples from Dallas 
contained any. The peas absorbed more boron than the oats, especially 
in series 1,2, and 3. 

Table VI.— Percentage of boron in corn, wheat, peas, oats, and soil: Plot tests at 
Orleans, La., and Dallas, Tex. 


plant, dry a 
basis). boric 


1 

Treatment of manure per 8 bushels. 

New Orleans 

.La. 

Boron as boric 
add (entire 
plant, dry 
basis). 

Soluble 

boron 

as 

bone 

acid 


Com. Wheat. 

in soil, 
sample 
taken 4 
inches 
deep. 

o.c pound oi borax added 

0.013 O-OII 

0.0006 

0.6] pound of borax added 

.ots .<>15 

, D009 

Control 

Trace. Trace. 

Trace. 

0. 75 pound of borax added 


.0003 

r.25 pounds ol borax added 


1 .OOIJ 

Control 


Trace. 

0.75 pound of calcined colemanite added 


.oooS 

t.50 pounds of calcined colemanite added 

CootroJ ■ - - ■ - 


. 0033 
Trace. 
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Table 


^rTT ^Percentage of boron and ash in radishes, string beans, cowpeas, peas, and 
‘ soil: Plot tests at Orlgndo*Fla. 


Treatment of maoufc per * 
^ bushels. 


O.JS pound of borax added. 
1,25 pounds of borax added 
Coutrol 


Radishes (dry basis). 


Tops. 

Roots. 

Tops. 

Roots. 


Boron 


Boron 


Boron 


Boron 


as 


as 


as 




boric 


boric 


boric 



Ash. 

add 

Ash, 

add 

Ash. 

add 

Ash. 



(ash- 


(ash- 


(ash- 




free 


free 


free 




basis). 


basis). 


basis). 


basis). 

34-44 

0. 162 

50.08 

i 

; 0.039 


0. 0S6 

22. 58 

0. on 

49.49 1 

. 226 

Sr. 12 

i -087 

17.56 

.080 

14.89 

• 015 

45 - 25 

.oiS 

45-04 

.010 

1 

22.80 

.oil 



.007 


String beans (dry basis). 


Cowpeas (dry basis). 


Treafjnent of manure per 8 bushels. 


(entire 
plant, dry 
basis). 

Soluble 
boron as 
boric acid 
found in 
sample 
of soil 
,3 to 4 
inches 
deep. 

Tops. 

Roots, 

Ash, 

Boron 
as boric 
add 

(ash-free 

basis). 

Ash. 

Boron 
as boric 
add 

(ash-free 

basis). 

Boron 
as boric 
arid. 

0.75 pound of bcirax added 

29.49 

a 162 1 

■ 35-15 

0. 222 

0.212 

0. 0006 

1. 25 pounds of borax added 

33-22 

■ 140 

43 ' I 

. 240 

j >229 

. 0010 

Control 

20 IS ' 

. 024 ’ 


- 029 

1 - 024 

.0003 


In Table VII the boron content of radish (Raphams saiivus), string- 
bean, cowpea, and pea plants, grown on borax and control plots at 
Orlando, Fla., is given. An appreciable amount of soluble boron was 
found in the soil samples from all three plots. The radish plants con- 
tained a large amount of boron in the tops, as well as an appreciable 
quantity in the roots. The string beans did not absorb as much boron 
as the radishes, but contained a large percentage of the absorbed boron 
in the tops. The cowpeas absorbed large amounts of boron, more being 
found in the roots th^ in the tops. The pea plants also absorbed boron 
in great quantities. All the control plants contained boron to a marked 
degree, which is not surprising, as 0.0003 cent of soluble boron was 
found in the control soil sample examined at the close of the test. 

As there was little rain at Orlando while these tests were being con- 
ducted, and as relatively large quantities of soluble boron were found in 
the samples of soil tested, it is not surprising that the plants absorbed 
large amounts of boron. 


DISCUSSION OP EXPERIMENTAL WORK 

It apparently made little difference in the quantities of boron absorbed 
y t e various plants whether it was added to the manure used on the 
in the form of calcined colemanite or as borax. The addition of 
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lime to the oorax also showea no denmte action in preventln * 
sorption of boron, although wit^i beets (Table I) and with one^ 
tomatoes (Table II) such a reduction is indicated where the lar 
cation of lime was made. Most of the plants analyzed took ? 
in proportion to the amounts present in soluble form in the soh^ 

The leguminous plants, which wer^most easily injured by boron 
sorbed larger amounts than the other plants tested, while wheat* 
oats absorbed but little boron. It is particularly noteworthy thatT 
wheat grown at Arlington Farm, Va., on soil fertilized with mini ^ 
heavily treated with boron showed only traces of boron in the prai 
straw. HaselhofF (7) found boron in the stalk of maize, but not in 
grain. 

The most striking differences in the absorption and distribution o{ 
boron are shown by the leguminous plants, where a more even distribu* 
tion between roots, tops, and fruit is found. Potatoes also showed rather 
a large quantity of boron in the roots and tubers, but only a small amount 
in the tops. Succulent plants like beets also absorbed boron. On the 
other hand, tomatoes and wheat showed only traces of boron in the 
fruit and but little in the roots. Agulhon (i) has investigated the action 
of boric acid on wheat, using synthetic sterile liquid media, including 
both soil and water cultures. He recommends 0.0012 per cent of boron 
to obtain the best growth. In these tests, when borax was added at 
the rate of 0.62 pound to each 8 bushels of manure and this manure 
applied to the soil at the rate of 15 tons per acre, 0.0015 per cent of 
boron was added to the soil. 

The fact that all control plants contained a little boron shows the wide 
distribution of boron in the soil. From the large amounts taken up by 
the control plants grown at Orlando, Fla., it appears that the soil there 
contains more than the soil at Dallas, Tex., New Orleans, La., or Arling- 
ton Farm, Va. 

The ash results of the various portions of the plants analyzed nrj 


considerably, and the variations are not in a definite direction. 

A spotting or yellowing of the leaves of plants, which was first noted 
by Hotter (9) and later reported by several investigators, was obsen'ed 
in these experiments when boron was present in the soil to any extent. 
In the case of the tomato plants, Table II, a yellowing of the leaves was 
noted when borax was used at the 0.75-pound rate, but the yield 
unaffected. In some of the legumes — namely, string beans, soybeans, 
and peas — a noticeable yellowing of the leaves was observed when bor^ 
was added at the rate of 0.75 pound, and in these cases a ^ 

stand took place. The wheat plants grown at Arlington 
plot fertilized with manure treated with from 2 to 3 pounds 0 ^ ^ 

each 8 bushels, as noted on page 883, were yellow during the rs 
months of growth. When the growth started in the spnng, 
the plants became green, and the yield of the grain was 90 per 
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1 yield, more than that obtained from (j^e unraanured control plot. 
Th vellowing of the leaves is an unmistakable sign of injury, although in 
^ ^cases the plant can recover, or at least is not sufficiently injured to 
cause a reduction in the yield. 

Hasdhoff il) states that the action of boron is more marked on beans 
than on oats or com, and that it can be seen when small amounts of boron 
are present in the soil and when no action injurious to plant growth is 
evident He says further that small amounts of boron stimulate the 
growth of beans and com, while large amounts produce injury. In his 
experiments beans absorbed boron in proportion to the amount present 
in the soil up to a certain limit. The plants examined by Haselhoff cen- 
tred from 0.04 to 0.17 per cent of boron, which is more than was found 
in these experiments, with the exception of the plants grown at Orlando, 
Ifla. (Table VII). He suggests that for safety the amount of boron in 
the soil be less than 0.0001 per cent. According to Brenchley (5), peas 
are stimulated by relatively high concentrations of boric acid, but with 
larger applications of boric acid the toxic action was well marked on the 
leaves, which tend to become brown and to die in a characteristic manner. 

There is some evidence in the literature to indicate that small amounts 
of boron stimulate plant growth. Brenchley (5) states that below a cer- 
tain dilution boron tends to produce stronger roots and shoots. Large 
amounts of boron are known to be toxic to practically all plants, with the 
exception of certain fungi. 

In these experiments, where in most cases more boron was added than 
was necessary to ^ct as a larvidde, no stimulating action was noted. On 
the contrary, an injurious action was seen \vith leguminous plants, which 
became yellow and did not show a good stand. Tomatoes, beets, let- 
tuce, potatoes, radishes, com, oats, and wheat appeared normal when 
grown in the presence of amounts of boron which produced injury to 
leguminous plants. When borax is added to manure at the rate of 0.62 
pound to each 8 bushels and the manure is applied to the soil at the rate 
of 15 tons per acre, 0,001 1 per cent of boron is added to the soil. This 
quantity of boron may injure leguminous plants, but did not injure the 
other plants tested, although no stimulation was noted. If the borax- 
treated manure is mixed with untreated manure, as Avould be done in 
Diany cases, since it is necessary to treat manure with borax to destroy 
fly larvae during only a portion of the year, it is possible that the per- 
^tage of boron would be suffidently reduced to bring about a stimu- 
lating action on plant growth. 

In connection with the stimulating action of boron, it may be men- 
ned that nitrites and nitrates were detected in three or four borax- 
eated manure piles at New Orleai^ (6, p. 19), while the corresponding 
contained no nitrites or nitrates, and several soils fertilized 
^ borax manure have shown more nitrates than the check soils, A 
22532'>~16 2 




The results at Orlando, where the same amounts of boron were add 
to the soil as at other points, but where the toxic action of the boron ^ 
marked and where soluble boron was found in the soils after sev^i 
months, indicates that many factors are involved in the absorption of 
boron and its effect on plants, and that definite conclusions in studies 
of this nature should be drawn with great care. These results are sub 
mitted as a preliminary study of this question. It is our purpose to test 
the cumulative action of boron in soils. 


SUMMARY 


(1) It apparently made little difference in the quantity of boros 
absorbed by the plants tested whether boron was added to the soil as 
borax or as calcined colemanite. The addition of lime with borax had 
no definite effect in preventing the absorption of boron. Wheat and 
oats absorbed very little boron, while leguminous and succulent plants 
absorbed comparatively large amounts. 

(2) Wheat, beets, cowpeas, and tomatoes grown in pots in the green- 
houses contained boron principally in the tops of the plants, and, with 
the exception of the beets, comparatively little or none in the roots. 

(3) The fruit of the tomato plants contained only traces of boron, 
while the fruit of the cowpea contained large quantities. Lettuce gro^n 
in the greenhouse absorbed boron in proportion to the amounts present 
in the soil. 

(4) Potatoes grown in the open showed, when mature, a small amount 
of boron in the tops and relatively large amounts in the roots and tubers. 

{5) The leguminous plants, string beans, soybeans, and cowpeas, 
which were very sensitive to boron, showed when grown in plot tests a 
more equal distribution of the boron among the roots, tops, and fruit than 
the other plants tested. 

(6) Radishes grown in plots contained much larger quantities of boron 
in the tops than in the roots. Analyses of entire plants of wheat, com, 
peas, and oats grown on plots in the South showed the absorptio 
boron in all cases, the peas absorbing the most. All of the contro p 


contained at least a trace of boron. « 

(7) Samples of soil from some of the control plots showed P 
of add-soluble boron, while several similar samples of soil ^ 
boron-treated plots showed no add-soluble boron. sua y 
boron was found in the treated soil than in the contro so ^ 

(H) The yield of wheat from a plot heavily yield from 

90 per cent of the manured-control yield and grea er contained 

the unmanured control. The wheat gmins were sound and 


but a trace of boron. 
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7- w” 

{ \ The yield of tomatoes in pot tests was, unaffected when borax was 
added in amounts to produce 0.0018 per cent of boron in the soil, but 
vphen the amount was increased to 0.0030 per cent, a reduced yield 

resulted. 11- 

{10) Numerous factors influence the absorption, distribution, and 
action of boron in plants. 

(n) No more than 0.62 pound of borax or 0.75 pound of calcined 
colemanite should be added to each 10 cubic feet of manure, and when 
using the boron-treated manure in growing leguminous plants, the ma- 
nure should be mixed with untreated manure before being applied to the 
soil. For other plants, boron-treated manure should not be used at a 
higher rate than 15 tons per acre. 
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further studies on peanut leafspot 

By Frederick A, Woef, 

Plant Patkologisi, Alabama Agricultural Experiment Station 
INTRODUCTION ^ 

A report of investigations of certain fungous diseases of peanuts has 
previously ^ been made. Since the appearance of that report the investi- 
gations have been continued for the purpose of obtaining additional data 
on certain phases of the work. Opportunity had not been afforded 
prior to the present year to test under field conditions the efficacy of 
rotation and seed treatment in the control of leafspot, Cercospora per- 
sonata (B. and C.) EUis. Definite experimental data upon the agencies 
concerned in the distribution of leafspot had not been secured; neither 
had an effort been made to definitely correlate the destructiveness of the 
disease with the presence of certain climatic conditions. It was the 
primary purpose of the present work to secure information upon these 
phases of the subject. The results of these studies are, therefore, 
recorded as additions to the information contained in the previous pub- 
lication® upon investigations which were begun four year ago under the 
Adams fund. 


ROTATION TESTS FOR LEAFSPOT CONTROL 


Because of the fact that the leafspot organism was found to live 
on fallen leaves in the field from one season to the next/ it was recom- 
mended as a rational method of control that the same fields be not 


planted to peanuts in successive years. Observations on the effective- 
ness of rotation were made at several widely separated points in the 
State, with the representative results which are recorded in Table I, 

In many cases it has been difficult to get reliable information as to the 
crops previously grown upon the fields in which these studies were made, 
since the tenants knew nothing of the system of cropping employed prior 
to their tenure. In determining the percentage of plants affected, the 


J rTic writer received valuable aid in the 6eld tests from R . C. Lett, farm adviser for Tuscaloosa County, 
•, on whose farm the seed-treatment tests were conducted, and from S. A. Wingard. who carefully and 
Studies. Indebtedness is hereby acknowledged to both gentlemen for these 

WoUi F. A. Leafspot and some fruit rots of peanut. Ala. Agr. Exp. Sta. Bui. i8o, p. 127-150, 5 pi, 
> 914 . Bibhography, p. ,48-145. 
jWo]i,F.A. Op.dt. 

I^ves [diseased leaves which had remained out of doors from November until May) were 
fungus ^ ^ placed in moist chambers, conidia were abjointed. Additional evidence that the 

found in the fact that leaf spots developed during May, on young plants, 

^ ^ grown a badly diseased crop the previous season. (Wolf, F, A. Op. cit., p. 135.) 
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total number of plants on a certain area was first counted, and iT^ 
count was made of those plants which were diseased. A plant v, ^ 
only a single spot on one of its leaves was regarded as diseased 
attempts were made to determine the decrease in yield due to leafs 
but no satisfactory method has been found and the figures given are 
approximate, since they were obtained by determining the average^^^^ 
ence in the number of peas borne on 10 healthy and 10 diseased buncr* 
having apparently the same-sized tops. It will be noted that the ^ 


centage of diseased plants in fields designated as i to 7, which are 


per- 

. . . .A ---repre. 

sentative of rotations, vanes from 1 3.5 to 100 per cent. When the results 
for the fields numbered 4 and 8 are contrasted, the former having borne 
no peanuts previously for 1 1 years and the latter having grown four 
successive crops, with 95 and 100 per cent, respectively, of the plants 
diseased, with practically no difference in the severity of attack, one is 
forced to conclude that rotation in itself is not to be regarded as a control 
measure against peanut leafspot. These results came somewhat as a sur- 
prise to the writer. Several reasons for the inefficacy of rotation as a 
means of leafspot control will be brought out later in this report. It 
might be suggested at this point, however, that this much overworked 
and overrecommended suggestion for the control of plant maladies is not 
a panacea, but requires experimental proof for each particular trouble 
for which it is recommended. 


Tabi,B I, — Summary of roiaiion tests with peanuts made in Alabama in igi^ 


Field 

No. 

Locatim. 

Previous crops on soiL 

Date of 
examina- 
tion. 

Plants 

affected. 

Deotase 

in yidd 
of pus. 

1 

Auburn. . . 

Peanuts had been grown 2 years before 

Sept. 6 

Per ml. 
100 

Ptfcnl. 

a 

Eutaw 

Peanuts had not been grown for several years pre- 

Aug. 28 

S 4 

S 

3 

. .do... 

viousty. 

Peanuts had not been grown for 4 or 5 years pre- 

30 

41 

45 

4 

■ ...do 

viously. 

No peanuts had been planted for at least n years. . 

31 

95 ' 

19.5 

(») 

W 

5 

6 

7 

; , , .do 

1. do 

1, . .do 1 

No peanuts had been planted the previous year; no 
previous record available. 

No peanuts in field the previous ye^ 

No peanuts in field for 4 years previously 

Sept. I 

26 

100 

13- 5 

8 

; .!.do 

i 

Peanuts had been grown during each of the 4 pre- 
ceding years. 

Aug. 27 ' 

loa 

— 


a Not ^mated. ^ NegUgible. 


SEED disinfection FOR LEAFSPOT CONTROL 

Seed treatment for the control of leafspot was recommended a a 
previous report * for two reasons. It had been found that com la a ' 
to the surface of the shells, and it had been noted repeated y tM 
disease occurs in fields not previously planted to peanuts. w 
gPSted that solutions of copper sulphat e or for maldehyde be used 

> WoU, F. A. Op. cit., p. 13*. " The prevalence of leaf siwt in 
, . , conidia and omidiophores have been found in the 




lands not previously cultivate « 
centrifuKcd washings o( 
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■ ting. former was employed, the peas were to be im- 

^fsed for 15 minutes in a solution containing i pound of copper sulphate 
to^30 gallons of water; in case the latter was used, i pint of formaldehyde 
to 20 gallons of water, the peas to be steeped for an hour. Tests of the 
effectiveness of these seed treatments were made during the past season 
fiQiS) Butaw, Ala. One field, designated as field 10, had previously 
Lown several successive crops of peanuts; the other, field ii, had not 
been cropped with peanuts at least during the four preceding years. Each 
field was divided into four plots. Plot i in each field was planted with 
unslielled peanuts which had been immersed in copper sulphate; those 
in plot 2 were not shelled and were immersed in formaldehyde; those in 
plot 3 were given no treatment; in plot 4 no fungicide was employed, 
and the peanuts were shelled prior to planting. The conditions in field 10, 
as noted in three successive examinations, are given in Table II. 

Table ll.Summary of results of leaf spot tests onfield 10 in infested with leaf spot 


Plot and treatment. 

Aug. 6. 

1 

Aug. 14. 

Aug, 21. 

1 

Plot I. Peanuts, not shelled, steeped in copper sulphate: 

SSs 



Nmnbtf of diseased leaves per plant — 




10 



Plot a,"^^eanuts, not shelled , steeped in formaldehyde: 




Ntunlier of diseased leaves per plant— 

jjidiniiin 

63 

144 


Minimuin ' 



Plot 3. Peanuts, not shelled, no treatment; 

Total number diseased leaves on aj plants. 


3,028 ; 

178 ^ 


Kmnber of di seased leaves per plant— 1 

Maximum i 

94 


Minimum 



Plot 4. Peanuts, shelled, no treatment: 

Total number of diseased leaves 00 a e plants 


1,184 

128 


Number of diseased leaves per plant— 

Maximum 



Minimum , 

^2 

26 





Infections were observed in this field as early as July 26 and were 
probably present at a much earlier date. Plot 3 will be seen to have 
had a larger number of diseased leaves on August 6, and during the two 
successive weeks, than did any of the other plots. It would naturally 
follow from this that seed disinfection is not without appreciable effect. 
It was felt, however, that it would be necessary to duplicate these results 
m several localities during several seasons before one could safely con- 
clude that seed treatment is of any practical value, especially in the light 
of the data to be subsequently presented. 

Field II, which can be directly contrasted with field 10, really shows 
the result of seed treatment coupled with rotation. No tabulation for 
^ d II, such as has been made for field 10, has been prepared, but the 
^portant facts in regard to this field are as follows: Leafspot was not 
^pparent until August 6, 1 1 days after it was first seen in field 10. Only 
plants in the whole field were found to be affected on this date, and 
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the*disease was evidenced by only one or two spots on each I 
of these plants were found in plot i, one in plot 2, and two in piQ(. ^ 
will be noted that on this date plot i of field 10 had a maximutntf 
affected leaves on a single plant, plot 2 had 30, plot 3 had 94, and piof 
had 45. A final count of the number of diseased leaves in field 1/ ^ 
made on September i, with the result that 12 per cent of the 
plot I were affected, ii per cent in plot 2, 15 per cent in plot 3, and ^ 


per cent in plot 4. It should be said in explanation that 


of these 


plants had more than six affected leaves, and most of them had only q 
or two, upon which there were at most only a few spots. Tea da 
prior to this a final count on field id showed a minimum of 23 diseased 
leaves per plant and a maximum of 297. This number would, no doubt 
have been considerably greater by September i. 

The most significant conclusion that one is forced to make from these 
tests is that seed treatment, either by itself or in conjunction with 
rotation, does not eliminate peanut leafspot. This conclusion is further 
supported by the results obtained from the rotation tests given in Table I 
The peas used in planting fields 1, 2, 5, 6, and 7 were shelled prior to 
planting, thus eliminating the danger of introducing infective material 
at the time of planting. In these fields, loo, 54, 26, 100, and 13.5 per 
cent, respectively, of the plants were affected with leaf spot. ThAeas 
used in planting fields 3 and 4 were not shelled, and 41 and 95 p^cent, 
respectively, of the plants were diseased. As can readily be from 
these figures, the removal of the shells prior to planting coAtributed 
nothing toward keeping the crop free from disease. 

DAMAGE SUSTAINED BY PEANUT PLANTS AS A RESULT OF LFAFSPOT 

In order to measure the degree to which leaf spot affects the foliage of 
peanuts, an effort was made to determine the relation between the total leaf 
area and the diseased area of a peanut plant. The plant used was taken 
from field 10 and may be regarded as a plant having an average proportion 
of diseased tissues. The method employed consisted in weighing pieces 
of paper corresponding in area to the total and the diseased leaf surface. 
From paper of good quality, pieces, each equal in area to one of the leaves 
of the plant, were cut. After these had been weighed, areas correspond- 
ing to the diseased parts of the leaves were outlined, and these areas 
were then removed. The paper leaf areas with the excised disced ar^ 
were agmn weighed with the following computed results; The to 
weight of the leaves on a single plant is found to be 64.07 
weight, 20,10 gm. are wholly free from spots; 12.39 gm. are ea 
result of the attacks of Cercospora persanata and have for e mos 

fallen o£f; the remainder, 31.58 gm . are regarded as dise^d toy_^^^ 

these diseased leaves 10.18 gm., or 32.04 per cent, are p ^ 
fungus. When 12.39 gm. and 10.12 gm. are ‘ ^ty. « 

35.07 per cimt of the entire leaf area is lost to photosynthe 
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• reaKzed, of course, that these figures represent only an approximation, 
l^use the method itself is inexact. It is believed, however, that the 
approximated losses in yields of from 5 to 20 per cent given in Table I 
are reasonable, when one considers that there has been a loss to the plant 
of about 35 P« in its active leaf area. 

tests on dissemination of EEAFSPOT by air and wind 

Previous work on air currents as an agency in the dispersal of the leaf- 
spot fungus yielded only negative results.^ It was believed, however, 
in spite of this negative evidence, . that conidia are carried short dis- 
tances by the wind. 

The purpose of the tests herein reported was not only to determine 
whether or not the wind acts as an agent in dissemination of the conidia 
of Cercospora persofuUar, but also to ascertain the conditions of tempera- 
ture and humidity which might influence its maximum or minimum 
prevalence in the air. The tests were conducted at Eutaw and Auburn, 
Ala. The tests at Eutaw, Ala., at which place 210 exposures of plates 
were made, covered the entire period, nights as well as days, from August 
9 to August 26, with the exception of August 15 and August 22. The 
tests at Auburn, Ala., were conducted from September 6 to September 
II and were made to substantiate the tests made at Eutaw, Ala. 

The method formerly employed consisted in the exposure for varying 
lengths of time of sterile agar in Petri dishes. This method is open to 
objection for the reasons that at certain times the conidia of Cercospora 
persomia germinate poorly or not at ail and the development of colonies 
proceeds so slowly, that they are likely to be obscured by more rapidly 
developing forms. It was decided, therefore, to use essentially the 
method employed by Burrill and Barrett ^ in their study of the dispersal 
of Diplodia zeae. Stations 2, 4, 6, and 8 feet distant from the nearest 
peanut plant were established. A frame to hold the exposure plates in 
a vertical position about 8 inches from the ground was made. This 
frame could be moved at the beginning of each exposure, to permit the 
plates to face toward the prevailing wind. Glass plates 4 by 5 inches 
were smeared with glycerin only on the side directed toward the peanut 
plants. Four sets of exposures of three hours duration each were made 
uring the period from 6 a, m, to 6 p, m. One set of exposures of 12 
ours duration was made nightly from 6 p. m. to 6 a. m. Rains inter- 
ered somewhat with this routine. Plates exposed during a rain were 
as ed off, and those exposed in the periods following rain were 

from conidia. Readings of the temperature and rela- 

unndity were made a t the beginning of each set of exposures. The 

definite data showing that the wind is a carrier oi the conidia have thus far been 
J34. 1914.) ' Leafspot and some fruit rots of peanut. Ala. Agr. Eap. >Sta. Bui. jSo. p. 

and Barrett, J. T. Ear rots of com. 111 . Agr. Exp, Sta. Bui, 133, p. 63-109, 11 pi. 1909. 



896 


Journal of Agricultural Research 




exposed plates were brought into the laboratory as soon as possibi 
collection, were placed edgewise in a glass funnel, and the glycerin 
contents washed off into a vial with a 2 c. c. pipetteful of 95 p^. 
alcohol. The stream of alcohol used in washing the plates was 
mitted to play slowly along the upper edge. The washings were T 
permitted to evaporate until only a few drops remained in the vials T 
examination with the low-power lens of a microscope the number f 
conidia in these few drops could then be determined. 

This method is open to two serious objections. Many of the soo 
were not washed from the plate by this method, as evidenced by a test 
in which a plate washed according to the method described and found 
to have entrapped three conidia of Cercospora personaia was afterwards 
washed, using a wash bottle as a means of driving a stream of 95 percent 
alcohol forcibly against it, and was found to have-nine additional conidia 
The other objection, which was encountered by Heald, Gardner, and Stud- 
halter,' consists in the fact that it is practically impossible to spread a 
film of glycerin uniformly on a glass slide and have it remain so for three 
hours. The results shovra in Table III are therefore not representa- 
tive of the number of conidia that were actually entrapped, but con- 
vincingly prove that the conidia of C, personaia are wind borne. 


Tabus HI . — Results of tests of glycerin plates exposed to air currents at Eutati), Ab. 


Date of exposure. 

Number of plates 
exposed. 

Number of plates 
with adhering 
conidia. 

Rainfall. 

Maxi- 
mum 
number 
of co- 
nidia of 

Total Qumber ni 
conidiaentrapptd 
during thetntirt 
period. 

Day. 

Nigbt, 

Day. 

Night. 

Cercos- 
pora Per- 
sonata 
on any 
plate. 

Day. 

MgW. 






Inches. 

4 

15 

I 





0 

1.58 

i 

10 

0 


la 



0 

0 

4 

ji 

D 

12 

12 




0.43 

4 

IS 

J 

13 




0 

0 

4 

54 

0 




8 

1 

0 . 18 

4 

i 5 

* 

16 




0 

a. 00 

3 

3 


17 




0 

0-37 

I 

I 

* 

ig 



6 

i 

0 

3 

9 



12 

3 

5 

0 

□>04 

4 

n 



8 

2 

j 

0 

0. 13 

3 

4 


-.T 

S ! 

2 

4 

0 

0 

3 

7 



8 i 

2 

3 

0 

0. oa 

a 

5 

6 

I 

24 ..... 

8 ! 

2 

3 

I 

1 . 11 

3 

i 

i 5 

8 i 

7 

3 

I 

0 

3 

5 

6 


36 

8 

7 

5 

0 

0 

a 

— — 

Total 

168 1 

A3\ 

71 i 

6 



150 1 

Tot^ day and 
night. ....... 

a 10 

7 * 




159 


It is not deemed necessary to give a detailed daily record of the ^ 
routine pursued. It vrill be seen tha t only 78 of the 

»H«aM.F. D..O«fdiin-,M.W., andStudhalter.R.A. Air and wind dissemiiiadcoof^s^^^j^ 

dietiiut blight fungus. /» Jour. A<r. Research, v. 3, no. 6. ‘9 5* 

p. sars**- 
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^re found to have adhering conidia. The usual number found was 
tliree or four on each plate. The occurrence of rain and heavy dews 
will in part account for the relatively small number of plates upon which 
conidia were found. Rain fell on 9 of the 16 days during which these 
tests were made. The plates washed off by these rains numbered 26. 
^ree sets of exposures of three plates each remained free from conidia 
in the periods immediately following rain. In many cases one plate only 
of each set gave positive evidence in the period following. Only six out 
of the 42 plates exposed at night yielded any positive results, owing 
principally to the occurrence of dews. 

At no time during the period in which these tests were made, as will 
be seen, was there a maximum period of spore dispersal. Conidia were 
present in the air, except where it had been rendered free from them by 
precipitation, during the entire period. This is in accord with the in- 
crease in amount of leafspot shown in the successive counts made in 
field 10 and recorded in Table II. There was approximately twice as 
much leafspot in field 10 on August 14 as on August 6, and twice as 
much on August 21 as on August 14. No correlation between these 
increases and the temperature and humidity records could be discov- 
ered, and these figures have consequently been omitted from Table III. 
The idea formerly entertained^ that the occurrence of peanut leafspot is 
correlated with certain moisture and temperature conditions is now 
regarded as without foundation. Such a correlation would be meaning- 
less in view of the positive evidence, next to be reported, that insects Act 
as carriers of. leafspot. Details of the tests conducted at Auburn, Ala., 
are not tabulated, since the work accords with the work done at Eutaw, 
Ala., and substantiates the significant fact that air currents are agents 
in the dissemination of Cercospora personaia. 


INSECTS AS AGENTS IN DISSEMINATION OF THE LEAFSPOT ORGANISM 

The fact that the leafspot fungus is air-borne explains in part at least 
the failure to secure perfect control in the tests in which rotation and 
seed treatment were combined. No tests have been made, however, 
upon the distance which the conidia may be transported by the \\ind. 
The most distant exposures were only 8 feet from the nearest diseased 
plant.^ It seems unlikely that air dispersal could account for severe 
uifection in fields in which both rotation and seed treatment had been 
practiced and which were from to mile distant from the 
nearest infected field. It was therefore suspected that certain insects, 
^ong which grasshoppers are the most important, are agents in this 

spread of leafspot. 

perature*^**^ '^th Cercospom is in some manner correlated with certain moisture and tem- 

^ ravages of Cercospora persorrala seem to attain their maximum severity 

mtsnf followed by otcessively suJtry weather. . (Wolf, F. A. I^spot and some fruit 

“Peanut. Ala. Agr. Exp. Sta. Bui. i8o, p. 133. 1914,) 
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A relatively meager literature dealing with the subject u 
as carriers of fungi producmg plant diseases has accumulated 
the most important publications upon this subject are summari^/^^ 

review 


recent excellent paper by Studhalter and Ruggles,i an historical 
is purposely omitted at this time. These authors find that 


insects belonging to the orders Hemiptera, Coleoptera DiuT 
Hymenoptera are carriers of the chestnut-blight organism 


of the positive evidence secured in the few studies 


and 
Because 


^P^^^ouslymadeor 

msects as agenaes m the dissemmation of plant diseases, it will 
surprising if it is found in future investigations that insects are T ^ 
important factor in the dispersal of many plant-pathogenic fungi 
The insects used in these tests were collected in diseased peanut fields 
near Eutaw, Thomasville, Marion Junction, Greensboro, and Auburn^ 
Ala., and placed in sterile test tubes or flasks plugged with cotton' 
After being brought into the laboratory, each insect was dropped into 
a measured amount of water, in case it was desired to determine the 
number of conidia upon its body. After agitating the tubes vigorously 
a drop of the wash water was examined under the low-power lens of a 
microscope, the number of conidia in the drop were counted, and from 


this the total number of conidia was estimated. 

In case fecal discharges were examined, each deposit was macerated in 
a drop of water on an object slide, and a count was made with the aid of 
the low-power lens. Because of the presence of undigested bits of plant 
tissue and the impossibility of one's being sure that no conidia escaped 
notice and that none were unwittingly counted twice, these determina- 
tions can not be exact. They very closely approximate the true number, 
however, since several counts of the same slide were made and the average 
taken as the final number. 

A total of 75 insects collected in five different counties has been 
examined in the course of these tests, 54 of which gave positive results. 
Four orders of insects — namely, Orthoptera, Lepidoptera, Coleoptera, and 
Hemiptera — were represented among the positive tests. Of the 56 grass- 
hoppers and katydids examined, 38 were found to be bearers of Cercospm 
personata. No attempt has been made to classify these Orthoptera, 
but several different genera were represented. Of the roastmg-ear 
worms, Heliothis obsoleiOj which were examined, nine were found to void 
conidia of Cercospora in their feces. Eight members of the Coleoptera 
were examined, six of which gave positive results. Three of these were 
lady beetles, Megilla maculata; one a blister beetle, Epicauia 
and the other two were fireflies, Chaidiognathus sp. A single memher 
of the Hemiptera, one of the leaf hoppers, was examined and found to 
be a carrier. ’ 


1 studhalter. R. A., and Rubles. A. G. Insects as carriers ol the chestnut blight fungus. Teon. DO’*- 

Forestry fiuL ta, S3 p.. 4 pL 1915. 
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Tabic IV records the results of an examination of 36 of the 75 insects 
collected. The remainder of the record is not given, since it would add 
nothing which is not indicated in this tabulated portion. 


Table examination of insects for conidia of Cercospora per sonata 


No 

Name of insect. 

Date of 
collec- 
tion. 

Locality. 

Number of 
conidia of 
Ctreospora 
persomtta. 

Other fungi. 

Remarks. 



On 

body 

In 

feces. 





• — 


Atlg. TO 

Eutaw, Ala. 


S 



I 

....do 

Roasting-ear worm 
{Htliothii obso- 
leta). 


j 


No note was made of 
the occurrence of 
Cercospora person- 
ala or other organ- 
ism in feces. 

9 


do 




j 








do 







6 







,.do 










6 




9 

10 

ir 

» 



, . .do 





Firefly {Cbaulto- 

{/naihus sp). 







Sept. 6 

,1 



350 

Species of Alter- 
naria. Helmin- 
thosporiuin,and 
Fusarium. 

2,500 conidia of 
HefmintkospO’ 
rium Ravev^lii. 

Fusarium, Alter- 
□aria. 

Species of Fusa- 
rium and Alter- 
naria. 

Seven insects were 
placed in a flask 
and within a half 
hour after their 
capture they were 
examined. Byagi* 
taring them in 25 
c. c. of water 
conidia from the 
surface of the bod- 
ies and from the 
feces are included. 

do 

dn 


13 


g 

do 




M 


g 




J1 


8 

Ha 




16 



do. ..... 


iS 


No determination <rf 
conidia on bodies 
was made. 







17 

do 

9 

do.. .. 


2 50 



18 

do 


Ha 


300 

tjoso 

1 

Single fecal discharge. 

19 

Uo^ting-ear.worrn 
(IJeliothis obso- 
leta.) 

Eady beetle (Afe- 
gilla maculafa). 

Boastinj-e^r worm 
(Heliothis obso- 
Itta). 

9 

do 



JO 

9 

do 

8 

i 

1 

i 


Ji 

10 

do 

0 

so 



jj 

10 

Ha 




n 




17 


Total number ol co- 
nidia contained in 
three fecal dis- 

H 

as 


10 

0 

39 

27 


charges. Thepfcs- 
cnceof conidia upon 
the bodies was not 
determined. 



10 

do 

0 

0 


36 

27 

sg 

do.. . . 

10 

10 

10 

TO 

do 

Ha 

0 

17 

28 

2S 

37 



»9 

Blister beetle 
tavtavUtata. 

do 

0 

r 

Two fecal discharges 




1 

were examined , 
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Tabi ,0 l\.— Record of examination ^ insects for conidia of Cercoshnr» i. 

Contmued ^ 


! 

No. 

Name of insect. 

1 

j 

Rate of 
coUcc- 
tiem, 

Locality, 

Number of 

1 conidia of 
Cercospora 
personata. 

Other fungi. 



i 


On 

body. 

In 

feces. 



30 

Lady beetle (Me- 

Sept. 20 

Auburn. Ala. 

j 1 

1 9 

0 


— ^ 

giUa macuiata). 

iS 



6 

Several hundred 
cemdia of Hd- 
rntnthosporiuni 
Ranetielii pres- 
ent. 


3a 

33 

34 

iS 

3^ 

Katydid 

18 

i 


6 

1 Two discharges, 

flrasr.hopper 

18 



Many i^uiarjunt 
sp. conidia. 

Few j 4 /tef«oriflSp. 

conidia. 1 

Puednia cassipet \ 
B. and C., Het~ 
mtnthospaTium 
Ravemlii. 


. ,do 

i 

1 do 



, , , ,do 


1 

i do 



Over 500 spores d 

Mttt estimaicd to 
be present in a sin. 
gie diseharge. 

Leaf hopper 

i 

i 

1 20 

^ do 

^ 8 



1 





_ 


Grasshoppers were found to carry Cercospora personata conidia ou 
their bodies and also to void them in their feces. The number of conidia 
to be found within and upon any individual insect depends naturally upon 
whether or not it has eaten diseased tissue within a short time prior to its 
capture. The largest number of conidia of C. personata found in a single 
fecal discharge of a grasshopper brought in from the field was 250. 

In order to ascertain whether or not feeding grasshoppers either avoid 
or select diseased leaf tissue, 13 were brought into the laboratory, wheit 
they could be closely observed and given diseased peanut leaves as food 
Three of them seemed to prefer leafspot tissue, since they ate little ex- 
cept the affected tissue. The others were indifferent in their choice of 
food, but seemed not to avoid the diseased spots. The conidia in the 
discharges of some of these insects were too numerous to count. 

Passage through the alimentary canal of grasshoppers does not destroy 
the power of germination of the conidia of Cercospora persomta, Conidia 
which had been voided were found to germinate within 12 to 18 hours 
when placed in drops of water. In fact, some were found to have already 
germinated at the time pf discharge. When it is realized that the^ 
conidiadaden discharges are suitable situations for spore germination an 
a favorable pabulum for subsequent growth, and that they are commo y 
deposited upon leaves, it is seen that this is not an impossible mea^s 
causing infection. Since grasshoppers, which have notoriously s ron 
powers of flight, were among the insects examined with 
they no doubt are potent agencies in the dissemination 0 e sjw 
considerable distances. It is believed that the Ltvjeefl 

tests on rotation and seed direction, as well as the corr a 
the presence of leafspot and certain temperature and moisture 
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pi^viously reported, is due in part to the fact that grasshoppers and 
^ain oier insects are carriers of the leafspot organism. 

It might be interesting to note in this connection that it seems to be 
generally true that peanut fields in which grass and weeds had been per- 
mitted to grow unmolested, as exemplified by fields 4 and 6 in Table I, 
and which consequently afforded a more attractive feeding ground for 
grasshoppers, are much more severely attacked by Cercospora than those 
in which good cultivation had been given. Several small fields have also 
i)een found upon which chickens and turkeys ranged in which leafspot 
was doing inappreciable harm, while fields somewhat farther away from 
the farm buildings were seriously affected. It is believed that the rela- 
tive freedom from leafspot here observed is to be attributed largely to 
the destruction of the insects by fowls. 

In most cases no attempt was made to determine the presence of other 
fungi upon the insects taken. Among the other forms noted, however, 
were Helminihosporium Ravenelii B. and C., an organism very abundant 
upon the inflorescence of Sporobolns indicus; Puccinia cassipes B. and C., 
which is parasitic on species of Ipomoea, a common weed; and species of 
Altemaria and Fusarium. According to an estimate made, a single 
fecal deposit of a grasshopper contained 2,500 conidia of Helminihosporium 
Ravenelii A katydid taken at Marion Jmiction and one at Auburn each 
voided a vast number of morning-glory rust spores. Insects 21 to 28 
{Table IV) indicate the manner in which this form may carry infections 
for short distances. The blister beetle is another insect which feeds 
upon peanut plants and which therefore discharges conidia from its 
alimentary canal. The other species of insects taken appear to carry 
comdia only upon their bodies. It seems very probable, judging from 
the evidence at hand, that any insect which feeds upon peanut foliage is 
a disseminator of leafspot, and that any of them which frequent peanut 
fields may serve as carriers. 

SUMMARY 

(1) Rotation by itself is not effective under field conditions in 
^mnating leafspot, as evidenced by a field in which peanuts had not 

grown for ii years and in which 95 per cent of the plants were 
^ased by August 31, with an estimated loss in yield of 19.5 per cent. 

(2) ^ Seed disinfection with copper sulphate or formaldehyde before 
P ting does not prevent leafspot. Shelling peanuts before planting to 

imnate the danger of infection from conidia which may have been 
t surface of the shell does not prevent the disease. Seed 

in these ways, when planted on land which had previously borne 
Seed produced a crop which was 100 per cent diseased, 

four planted on soil which had borne no peanuts for at least 

mor produced a crop 13 per cent of whose plants were 

e or ^ affected with leafspot. Crop rotation, therefore, when com- 
^t seed treatment, will not eliminate leafspot. 
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(3) An approximation of the total leafspot area involved by Ccrcosj^, 
bmmata showed that the photosynthetic area had been decreased 35,0, 

Li cent. Estimations of decrease in yield of peas of from 5 to 20 pet 
cent as the result of leafspot are therefore regarded as reasonable. 

(4) No correlation between the presence of certain conditions of ten. 
perature and moisture and the prevalence of leafspot exists, because ol 
Ae fact that air currents and certain insects are carriers of Cermfm 

personata. . 1 , , , „ 

{5) As the result of 210 glycenn exposure-plate tests at Eutaw.Ala,, 
substantiated by a series at Auburn, Ala., it is concluded that Cercospon 
Personata is wind borne. Seventy-eight of these aioexposure plates gave 
positive results. At no time from August 9 to August 26 was there a 
period of maximum spore dispersal as revealed by the expostae plaits. 
The maximum number of conidia entrapped on any single plate was four. 
This does not represent the true condition, since the method uaid in 
washing the plates failed to remove all conidia. Rains rendered the di 
temporarily free from Cercospora, and dew prevented the dispersal of 

conidia at night and in the early morning. 

(61 From an examination of 75 ‘usects collected m five loalit.es, oi 
which w gave positive results, it is concluded that insects ate dissemina- 
L of the leafspot fungus. Four orders of insects are included in tte 
itive tests- Orthoptera, represented by grasshoppers and katydids, 

, and and Hnoilpinra, b, kal b«[[« 

blister beet , ^ beetles eat diseased peanut 

pers, katydids roasting ear vora 

foliage and void conidia m that f c^ TclLpora pJomta. Anotk, 

a grasshopj^r containe ^ 5 ° Helminthosporium Rawnetii ra 1 

specimen di^rharged ol^ 

Single deposit. Grasshoppe y fireflies transport conidia 

their bodies. Leaf hoppers, lady gbLdkavei. 

rirr::s?s::«^orama— 

hoppers and katydids. ^^bility of Cam- 

(7) Alimentation in insects does not destroy 

pora personata. of flisht, are capable oi oar 

(8) Grasshoppers, because of that ^ The ineffedivaes 

tying the leafspot 

of crop rotation combined with seed tre 


,n combined with seed currents and certain 

™,S,lds»v..yp-nb.M, dun, 

to Cts are agents in its dissemination. 



relation between the properties of hard- 
ness AND TOUGHNESS OF ROAD-BUILDING ROCK 


By PeSvost Hubbard, Chemical Engineer, and F. H. Jackso.x, Jr., Assistant Test- 
ing Engineer, Office of Public Roads and Rural Engineering 


It has for some time past become increasingly evident to engineers 
interested in the testing of road materials that from the standpoint of 
the road builder some of the most important physical properties of rock 
are not independent, but are more or less definitely related to each other. 
In 1913, Mr. L. W. Page,' Director of the United States Office of Public 
Roads and Rural Engineering, called attention to some of these points, 
and suggested that, as the volume of data relating to the subject became 
greater, it might be possible to determine the dependent variable by 
reference to suitable curves showing the relative values of tests for 
thousands of individual cases, and thus dispense with one or more of the 
tests now in use. The large amount of additional data which have 
accumulated since that time makes it possible to take up the subject 
again, with a view to determining just what physical tests are necessary 
in order to judge properly the fitness of a rock for use in road construction 
It is now generally recognized that any stone, to be suitable for use in 
macadam construction, must possess to a certain degree, depending on 
circumstances such as character of traffic and method of construction, 
three distinct physical properties, which may be briefly defined as 
follows : 


(1) Hardness, the resistance which a rock olTers to the displacement of 
Its surface particles by abrasion; 

(2) Toughness, the resistance which a rock offers to fracture under 
impact; 

(3) Binding power, the ability which the dust from the rock possesses, 
or develops by contact with water, of binding the larger rock fragmenli 


Of these, the first two are of particular interest from the standpoint of 
e present discussion, and they may be very briefly described as follows; 
Dor ^ hardness of a rock is determined by what is known as the 

ry method It consists essentially of subjecting a cylinder, 25 mm. 
QUarf- ^naterial to be tested, to the abrasive action of crushed 

a revolving steel disk, against which the test 


Testing Materials wera the tests for the -n-earing qualities of road- building rochs. In Amer. 

Ann. Meeting, 1913, v. 13, p. 983-9(3.’. 7 fig., 1913, Discussion, p. 993- 
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specimen rests. The end of the specimen is ground away in inverse n 
its hardness, so that the hardness may be computed by determini 
loss in weight after any given number of revolutions of the disk 
coefficient of hardness discussed later is obtained by subtractin 


■nnining the 


third of the loss in weight in grams from 20, after i ,000 revolutia 
the disk. 

The degree of toughness is determined by the Page impact method 
A cylinder i inch in diameter and i inch high, cut from the rock s eci 
men, is subjected to the impact caused by the free fall of a 2-kgm wei ht 
dropped from successively increasing heights until the energy of the 
blow is sufficient to fracture the test specimen. The test consists of 
I -cm. fall for the first blow, followed by falls increased by \ cm, after 
each blow until failure occurs. The height from which the weight 
drops when failure takes place is used as a measure of the toughness of 
the material. 

Since the establishment of the Road-Material Laboratory by the 
United States Government, upwards of 3,000 samples, representing 
every knowm variety of road-building rock, and obtained from every 
State in the Union, as well as from foreign countries, have been sub- 
jected to the tests outlined above. The results of these tests are plotted 
in graphic form in figure i. The coefficients of hardness are plotted as 
abscissse and the factors of toughness as ordinates. Each small circle 
represents the corresponding hardness and toughness of an individual 
rock sample. The large circles represent the average of all the coeffi- 
cients of hardness for each value of toughness. Hardness values range 
from o to 20 and toughness values from i to 47. 

A study of this cnrvG brings out the following points: 

(1) That the average toughness for all tests made is about 9. 

(2) That the average hardness increases with toughness, and that the 
rate of increase becomes less as the toughness values become larger. 

(3) That individual values of hardness vary through wide limits for 
low values of toughness, and that the variations from the average decrease 
uniformly with the increase in toughness up to a certain point, about 20, 
after which they remain constant with very little variation from the 

average. . . 

(4) That, when ^y given value for toughness falls within cer 

limits, which define the suitability of the material for macadam-roa 
construction under different traffic conditions, the correspon ng ^ 
for hardness will fAIl within similar limits for hardness. f.nHate 

The first three facts are clearly indicated, but in order to su s ^ 
the last deduction it will be necessary to define the 
hardness and toughness which experience has shown s 
when judging the fitness of stone for use in macadam cons 
different traffic conditions. Such limiting va ues or 


shown on the cur\^e in 


the ordinates at 4.5, 9 ' 5 » 
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corresponding limiting values for hardness at lo, 14, and 
words, after making all allowances for variations due to local coudiU 
it may be fairly assumed that stone for use under light, horse H 
steel-tired vehicles should show a toughness of from 5 to 9 and a ha 
of from 10 to 17; for moderate traffic a toughness of fromroto^ 
and a hardness of over 14, and for heavy traffic a toughness of 
over and a hardness of 17 or over. The terms “light," "moderaL^'’ 
and "heavy" in this connection refer to the total volume of trafBc u ' 
the road, calling, say, under 100 teams a day “light," 100 to 250 “mod 
erate," and over 250 "heavy." 

Practically all the values of hardness shown in figure 1 are above the 
various lower limits set by the best water-bound macadam-road practice 

For light-traffic conditions, 94 per cent of all the samples tested have a 
hardness of more than 10; for moderate traffic, 95 per cent have a 
hardness of more than 14; and for heavy traffic, 94 per cent have a hard- 
ness of more than 17, 

In other words, if it be assumed that the curve (fig. i) represents a fair 
average of all available types of road-building rock, it would seem that 
a determination of the toughness of any particular sample of rock shows, 
for all practical purposes at least, whether it is hard enough to be satis- 
factorily used in construction. 

If the curv'e be referred to again, it will be seen that a large number of 
hardness tests appear above the upper limit of 17 set for light-traffic 
conditions. Although on its face this would indicate that a determina- 
tion of the hardness is necessary in this instance, reference to test records 
show that by far the greatest number of these tests (about 75 per cent) 
are on granites, quartzites, and hard sandstones, which are unsuited for 
use in the wearing course of water-bound macadam roads, owing to their 
lack of binding power, as shown by actual test. 

Finally, the results of 2,500 individual routine tests made by theOffice 
of Public Roads and Rural Engineering show that for practical routine 
work the hardness test adds nothing to our knowledge of the value of 
any particular rock sample for use in water-bound macadam-road 
construction over that obtained from the toughness test. 

While the binding or cementing value of a rock is a most important 
consideration from the standpoint of ordinary macadam construction, t e 
same is not true of broken-stone roads which are surface treate or con^ 
structed with an adhesive bituminous material. The har 
rock is also of relatively less importance, owing to the that t 
mineral particles produced by the abrasion of traffic is held in 

combine with the bituminous material to form a mastic w 

place and protects the underlying rock from abrasion so ong ^^er.is 

maintenance it is kept intact. The toughness 0 t e 

of more imfxjrtance, as the shock of impact is to a fi^gments 

transmitted through the seal coat and may cause t e un 
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shatter. It would therefore seem that the minimum toughness of a 
k for use in the eonstruction of a bituminous broken-stone road or a 
t^ken-stone road with a bituminous-mat surface should for light traffic 
be no less than for ordinary macadam subjected to the same class of 
traffic. For moderate and heavy traffic, however, the same minimum 
toughness may probably prove sufficient, owing to the cushioning effect 
of the bituminous matrix. No maximum limit of toughness need, 
however, be considered for any traffic. 

In the case of bituminous concrete roads, where the broken stone and 
bituminous material are mixed prior to laying and consolidation, it 
would perhaps appear advisable to set a minimum toughness of 6 or 7 
for light-traffic roads instead of 5, in order to insure against the possi- 
bility of the fragments of rock which have been coated with bitumen 
being fractured under the roller during consolidation, and of 12 or 13 for 
moderate and heavy traffic, instead 10 and 19, as in the case of water- 
bound macadam roads. 

For broken-stone roads which are to be maintained with dust palliatives, 
it would appear that the same limits of toughness should hold as for 
ordinary macadam. 

For easy reference the following limits of toughness are given in Table 
I, as representing facts developed in the foregoing discussion. It is, of 
course, quite probable that these limits will require modification as the 
correlation of laboratory tests to service results becomes more perfect. 


TabIyR I . — Limits for toughness for rock used in the construction of broken-stone roads 


Type of road. 

Light traffic. 

Moderate 

traffic. 

j Heavy traffic. 

i 

MlnU 
munii 1 

Maxi- , 

Mini- 

mitm. 

, 1 

>raxi- 

Mini- 

' Maxi- 

Macadam. .. . 

} ^ 

} ^ 

7 

9 

10 

10 

13 

18 

19 

10 

13 ^ 


Macadam with dust palliative 

Macadam with bituminous mat , . 

Bhuminous broken stone with seal coat . 
Bitumiuous concrete with or without seal 
coat 








